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of its publications. 


os By Rosert H. Tuurstox, Member of the Society. 


led to the approximate d determination « of the composition of t the strongest , 
possible triple alloy of copper- -tin- -zine, and described the properties of 
"alloys made with n more or less accuracy and ¢ care by the formula of com- 
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g In a paper read before the American Society a 
— 


3% position so obtained. In order to exhibit the ‘selation of such metals to 


other triple alloys, some of ‘which v were already w well known ‘composi- 


ns, a a sketch was orn of the relief model used in the id identification of - 


M of this model was also as ‘presenting the 

tenacity of the alloys with greater exactness. This is here repro- 

duced with some modifications (Fig. which are demanded in further 


3 4 study of the characteristics of these alloys. I It was — in ae: 

“ These alloys w were purposely made precisely as brass- 
founder is accustomed to make them, without other precautions: than 4 
observed by every founder, 


er, ani nd wv ithout using any of 


a the deoxidizing ‘fluxes—as p phosphoras— —that would have been ‘experi-- 
mented with later. The intention was to make this first survey of the field | 


and in ‘such a manner as sto a good of 


giving tl the founder a good ide iden of of the 1 nature of the metals that he tums 
The data obtained were consequently ex exceedingly variable, andthe 
results of this work indicated as one, the least valuable, of 
deductions from it that th the same ay. and especially y where the propor- ¢ 
tion of copper ‘is great, may give | very "different figures, Ww hen tested, 
- according as it is more or less affected by the many | eenbeaeel that 
influence the value of all brass- foundry products. 
‘Some of the variations in then model due to such 


whi ch ere quite discrepant. But for 
such minor variations, it is evident at a glance that the alloys of maxi- 7 

mum strength are geanpes, as shown in Fi sgn 3 and 4, about a point 


not far from copper = = 55, zine = = 43, ti in = =2 ‘This p point | is encircled 
_ in the map, Figure: 3, by the line marked 65 000 pounds per square inch 
(8 570 kilogs. per 8q. cm. ) tenacity, y, and i is - represented on the model by 
peak of the mountain seen at the farthest side 


* This i is obviously the strongest of all bronzes, aa an aly of this 


composition, if exactly well perfectly flaxed, and 
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q 
- poured as te produce sound anil pure metallic alloy, 1 


as shall prevent liquidation, is the stron bronze that man can 


ta 
58. 22; tin, 2.30; zinc, 


some ductility a as willie as great at strength, and the l latter as being 


a o great improvement by ‘skillful working either hot « or cold, and thus of oh 


, attaining a ‘a tenacity o of over 100 000 pounds per ‘square inch (7 311 kilogs. 


per sq. em.). Following the inequalities exhibited the map, the 


writer ‘called attention to the fact that a line of maximum | ‘elevation 
_ crosses the field from about : copper, 50; zine, 50 ; to diene 85, tin, 15, 
‘is included i ina band bounded by the formulas: M=Z+4t= 50, and 


M=2 re 84 = - 55, in which Z is the percentage of zine present in 


triple alloy of that series, and Tis the percentage of tin. Tt wets stated 
z that along this maximum line the tenacities of es alloys should be at 3 


least = = 40 000 + 5002, in pounds o on the inch, or — 2812 
+ 35.152 in kilograms on the square centimeter. Thus taking the 


tine whi ch contains the st strongest but least compositions, we find 


‘the follo ving tenacities 
e The e alloy z Ss. = 18 will also contain tain copper = - 100 — 19 = 81 anc 


‘this alloy cu. 81, : an, 4 sn. 18 should have a tenacity of at least 
= 40 000 + (500 x = 500 Ibs. per 
2 812 + (35 15 x 1) = 2 847 kgs. em. 
he alloy : cu. 60; zn. 5; sn. 16 ; should have at least the strength 


2812 + _ (35. 15 > x 5) = 2 988 kee. per sq. em. “- 


"while ‘the alloy 2, 50; sn, 2; cu, 48; - should ive, as a 
40 000 D+ (500 50) = 65 000 pees sq. in. 
2 (35. 15 50) 570 kgs. per sq. 
‘These are rough working formules that, often departed from 


in fact, ‘and while purely empirical, may prove of real value in framing 
form formula for the value of fails with alloys contain- 


. tin as the strength then rapidly falls to ¢= 0.” 


vith such prompt 

alloy and the “Tobin alld 4q 
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purposes of construction, as many of those near the 


all 
tin side, are ‘too: deficient in ductility and resilience to be safely u used 

_ where likely to be exposed. to severe shock. ‘here the composition: is” 
“that of brass, rather than bronze, this line of allloys exhibits tough- 

ness. ‘ The : alloys—copper, 55; tin, 2; - zine, 43; and copper, 55, tin, ms 
0. zine, 44.5—were quite excellent in this particular. Tin | reduces 


ductility more rapidly than does zine. Alloys on ‘the copper side of 

2+4t=40are all tough metals. The copper. tin alloys or r bronzes, as 


was stated, should have ® tenacity of at Teast ‘T: = 30 000 + 1.0002 
where containing not = more than about 15 per ‘cont. tin, or in metric ' 


“measure, T= = 2109 70.3 1, while the brasses_ or copper-zin 
up to 50 0 per cent, zine should have a strength, in British 1 and metric 
units “respectively, of = 000 5002 and 109 + 35.152. 
ze can be given about 30000 + (1.000 x 10) = 40 000 Ibs. 


‘fs per square inch if well made. In ‘metric measures, 2 19. + 708 = =2 812 


(8. 15 x 30) = 165 kilogs. per s square centimeter. the 


two formulas for tenacity, it is seen ‘that they. may be combined 
the whole field of copper- tin-zine alloys u: the 


30 000 4+ 10001 + 5002. 
109 + 70.3 ¢ + 35. 


But it eed be understood that this approximate s statement of tenaci- 


pwr 
ties is a minimum for well made alloys, and is also applicable only to 


containing a larger percentage « ‘of copper than those which 1 
along the maximum line ; the alloys to which t they they apply are, however, 
a best alloys for for "general use. 2. Like al all such h formulations, they must 


which they were deriv ed. For all purposes the engineer 


be used w without hesitation. ‘Thus we get, for alloys in which 
a+ 4t < 40, the following tenacities, representing | the minimum that 

yi should be accepted ; these figures may be — exceeded : see 
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Zn. S Lbs. per sq. in. Kgs. per sq. cm. 


The ductility of these ¢ alloys isa subject of quite a as much interest to ee 
‘the engineer as their ; and i in this “quulity triple alloys 


- variable as in every. other. pateeioan again to the n map, Figure | 1, ‘it is 
seen that a closely grouped set of slig ghtly curved and slowly con verging 


a lines cross it from about tin = — 25 to zine = = . 5, the mean line having an- 


equation, 1 nearly 2.2¢ +2=55. Along this line the alloys have an im im- 


tenacity as exhibited by the fact that some them, if ‘not nearly 
all, are too hard to be cut by steel tools, and i in nshaping them only y ind 


ing tools—either the emery wheel or the grindstone—could be v ‘used, ial. 
— then with most unsatisfactory results. ‘Yet suc t such ‘h was the brittlene: 
of ‘these metals that ‘no reliable test of their strength could be 


Even the slow. and “cautious handling possible in the autographic ma- 
“4 chine quite inadequate to the » of and satisfactor 
determinations. The strain diagr grams obtained w were perfectly s straight, 
ond and nearly vertical lines es terminating suddenly when the } piece snapped 


lightest indication of approach to an elastic limit. They 
were apparently perfectly elastic up to the point of fracture, but were 


>, nearly destitute of resilience that no use can n probably ’ be made of them. 


“Thee brittleness ' was such that w rould often break i in the mould by 


4 
their own contraction in 1 cooling, although cast ina straight bar o one eine 


88 5 ¢. m.) thick cand less th than 80 inches (75 ¢. m.) long. In some cases 


‘they were cracked by t ; and i in several instances were “a 
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broken at the end by t the j jar tranamitted from a light blow s 
The border lines of this valueless territory is shown on the map by: a 


ly curved dotted line to which a line hav ing the e 


55 is nearly tangent. - The alloys lying along this ine have nearly 


qual ductility, extending ‘according to the “measurements ‘obtained by 
1e autographic machine, about .03 of one per cent. 2 ak 


line is s is another having nearly the equation z=50, 


owl hich last line is that of equal ductility for r alloys s exhibiting extensions = 


. 


the strain diagram of 3 per cent. Still nearer the “pure copper cor- 


fairly representing alloys containing about 48, and slong. 


_, hich the extensions, as per strain diagrams grams were 7.3 per - cent., 


such line extending from the standard gun-metal 
a the one side to the tough Muntz metal on the other—cu. ms sn. 10; 
cu. 55; zn. 45 ;—of which the e equati ion is ‘nearly 4.5t +2= =45,r repre- 


ante — identifies alloys averaging as cast during this initial research, .. 


an extension of 17 per cent. These lines are best seen on the sheet of 
extensions, — Fig. - 2 All all alloys” lying al above the line taken here as a 
e boundary line give figures for tenacity that are usually considered 00d 5 7 
here tg 
they all exceed 30. pounds per square inch 109 kilogs. 


It is seen that the addition of tin and of zinc to cast copper increases — 
tenacity at least ‘up toa limit marked by the line 3¢- 2=55,. and that 


- the influence of tin is nearly twice as great as that of zine, while the 
- limit of useful effect is not euched in the latter case until | the amount 


7 led becomes very ‘much: greater than with the ‘former class—the cop-— 


4 -Brasses can be obtained which are stronger than any bronzes, a and the all 


7, ductility o of the working compositions © of the former 
"greatly exceeds that of the latter, 


alloys may be made containing about 4t+2z 2=50, Ww which 
strength any of of the double alloys and compositions approaching cop- 


-_ 55; tin, 3: zine, 43; as the maximam of maximums, may be made, 


which are of extraordinary value | for | purposes demanding great strength, 


_ combined with the peculiar advantages offered by brass or bron 
} addition of one-half aa cent. tin to Muntz metal confers vastly increased 
strength. So sensitive is zine to the presence of tin ‘that M. ‘that M. Bischof 
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ne part | of tin in millions 


tom 


_ The range of useful introduction of tin is very much more » restricted _ 


. with zine ; alloys containing 12 to 1 15 per cent. tin are so hard and i 


ing 40 per cent. zinc, is , about the toughest and most generally useful of — 


brittle as to but rarely find application i in the arts, while brass, , contain- Vz 
all the copper-zit ne | * “mixtures.” The moduli of elasticity of these alloys 3 


4 are remarkably uniform, more than one-half of all those here described, 
ranging closely up to. ‘fourteen millions, or one- half that of well ‘made 


 steel- wire, such as is used in 1 the New York and Brooklyn Bridge. The 


4 
moduli gradually and slowly i increase from the of the test to : 


theclsticlimit, 


fracture of these alloys is always illustrative of their special 


Those broken by tortion in the autographic testing machine 


were, if brittle, or leas conoidal at one side of the break ; ductile 
alloys yield in 
angles to the axis of the test piece ; the former resemble cast irom oni” 
ve the fracture of wrought iron. Every shade of gradation = 


is exhibited by an observable wail ification of the surface 3 


similar circumstances by shearing in a plane at Tight 


of fracture varying from that characteristic of extreme rigidity and ae: 


tleness, through an interesting variety y of intermediate and mre Z 


forms to that seen in fracture of the most ductile metals. 


ia Notwithstanding the fact that the demise of the U nited States Dee: i 


left this investigation in a sadly incomplete state, it will probably become 


ent to those who may obtain the report that at least a beginning has 


ac 


-——- ade and the field fairly reconnoitred, leaving t to some future in- 4 
 -vestigator a prospect of immediate valuable recompense for such addi- | 
_ tionable labor as he may be able to expend i in a detailed reconnoissanc ee = 
an extended ‘survey. While studying | the figures | here given, and 


pecially those by the e United States Board, it it must not be  for- 


“best attainable they relate to the most valuable Je working 
bronzes _Drasses. figures the result of ordinary, 


in ‘brass foundries, 1 may y be vastly improved by the | special. treatment 
suggested i in the —by using metals, fluxing 
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cooling, and finally rolling or otherwise compressing either or 


acity of about 45 000 pounds square inch 3 163 kilogs. per Mh. 


and Kirkaldy reports 28.2 tons per squat are inch (63 168 pounds per square “9 


and 068 per squ: re ¢ m.), ires h havi ing diameters of 


bted that a way te yet be found to secure equal = 


“ets 


Us 
nines he mogeneousness and density in cast copper, and such metal ss 


should equal tenacity and ‘toughness with rolled metal, 
Gun- bronze, which ordinarily has a tenacity of about 35 000 pou unds p per 


square inch h (2 460 kilogs. per sq. cm. ) has been made a at the ae 


Navy Yard, by § skillful mixture, melting and "pouring, to attain 


tenacity of above 6 60 000 pounds (4 218 Skilogs.). a 
“effect 0 ot “thorou gh with deoxidizing substances is 


important that ne no founder c: can n safely neglect it. 


uxed with phosphorus, arsenic, and manganese have been — 


given OF fifty pe per cent. higher tenacity than the ordinary unfluxed alloy, 
and t the edditicn: of a little iron, as in the so-called “ sterro- anctel -_ 
Baro Baron de Rosthorn, and in Parson’s Manga mene Bronse," ” has still 
strengthened the copper. -tin- in-zine alloys. a 
_ Attention has been called in the preceding | paper to the value of cold 
, and other ‘mechanical treatment: of the “maximum all alloys,” 


 exa by the one case was cited in ‘which the tenacity 
was increased from 66 500 pounds fp per inch (4 - kilogs. per sq. cm.) by 


rolling hot to 79000 pounds (5553 kilogs.), , and by cold rolling to 
04000 pounds (7 311 kilogs. Dr. Ai Anderson, the Superintendent of 


4 
a 
; 
Machinery of tl the British War when associated with the 


writer at Vienna, 1873, referred to experiments at ¥ Woolwic h, showing an an 


increase of oon of sterro- metal by forging to the extent of 25 per @ 
: ais and by drawing cold of 40 per cent. Brass, containing copper, 


62 to70; ; zine, 38 | to 30, attains a ‘strength in wire mill 90.000 
pounds” per square inch, and sometimes of 100000 (6327 to 7030 
8q. em. ), and the time will” come, we e may hope, and 
fain irly expect, when these alloys may be be made equally tenacious t 
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casting. The writer has no that the 

by him as those best adapted secure dense, strong and tough 
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ee metal will yet b be found capable of of yielding alloys of more than han double 

ie the strength: ‘shown here to be fairly representative of what is now 


brass founder’s work. It should be possible to secure copper- 


tin-zine alloys having tenacities represented by 


=4 218 + 70.3¢ + 85 15z 
“throughout that area on the he map representing th the more useful ful alloys, — 


say from copper, 100; to 


of ‘The appended tables illustrate the method of of investiga- 


‘tien in study’ ing the triple alloys, and exhibit the behavior 
under test of the » sample o of “Gun Bronze, No. 1 252,’ of which auto- 
_ graphic strain n diagrams Were given in fac-simile in the preceding paper 
on Strongest of ‘Bronzes.’ This | was made ts to order the 


‘it had no special value, however, and the record is here ones in enter 


No 585 was a sample of brass in which 20 per cent. _ _ zine thes the 

place of 10 per r cent. tin in bar N 0. 1 252. “This piece had very nearly — 


the same the ‘ductility, a a slightly lower modulus of 


elasticity, a and far less transverse strength— —probably i consequence of 


hardness. Adding zine until the proportion becomes 37.5 per c¢ cent, 


ss in No, 609, the tenacity rises to 48 760 pounds per square inch (843 428 8 


kilogs. per r sq. om. ), the ‘modulus of elasticity is inereased to fifteen 


millions, an and the transverse strength is doubled. 


No. 856 is an alloy of very ‘nearly the same composition, to which =o 


per er cent. tin has been added. Iti is seen that this change has pr oduced an — 


enormous increase of strength, bringing the tenacity up to 67 7 600 600 pounds 
pe 


square inch | (4 752 kilogs. sq. em.), and while decreasing the 
“modulus: of elasticity has “greatly increased the transverse 


test oe here also appended as exhibiting the behav ior of this alloy 


4 See the pro progress of the tests. The extensions given are measured in _ 
a length of of five inches ; ‘they are, therefore, to be multiplied | by 2 to 
s obtain the percentage of of extension. This bar is very strong, but 


‘deficient i in ductility. ad 


The transverse test exhibits these characteristics with equal 


ness. — The load carried was nearly a ton and a half, and the deflection — 
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decreased | from the start. Note (a ion calls attention toa singular phenome! te 
once noticed, of an increased effort to decrease see 


after a short interval of rest under light load, havi ‘ing received set under 
heavier stress. _ The remainder of the record illustrates the usual gradual 


increase of set under heavy loads. Somewhat ‘similar 


noticed in the e transverse test of No. 1001, an an alloy o of which the strain oe 
"diagrams from the autographic machine were giv en in the paper on 
= strongest of the bronzes. ne note appended to the record calls 


‘but 2 2 “inches 6 em.) ; ; the modulus | of elasticity slowly but 


The last set ‘of here g give en are a bar of pure copper, 


made an and tested for the U. S. Board, *and show well what may be . 
expected of good copper costings, even without special or other 


- unusual treatment. : This bar was strong, ca carrying nearly 30 000 pounds — + 
‘per square inch (a1. 09 kilogs. ‘per cm. ) in tension, but it lacked | 

ductility, a a consequence of of ‘the presence of copper oxide 


“of securing p pure cast The stronger affinities ae ‘the metal, 
Ww hen molten, make this problem a more difficult one than that of obtain- 
‘ing 80 sound steel eastings. | The transverse ) strength ¢ of the metal seemed 
to have been less reduced by the presence of the oxide than | was its 
; tenacity. ‘The fact that the bar could be broken at all in the transverse gy 
* testing mack machine i is is evidence of reduction | of ductility due to this 3 cause. 4 4 : 


The: record. of the compression test seems to indicate that form of re- 


sistance » due to the pres presence of oxide. 


The general character and the of variation of strength and 
| ductility of the elloys of copper, tin and zine are so well exhibited by 
the illustrations which have been presented in . these papers, that it is 
_ hope of the: writer that no difficulty will be be met t with by the the engineer ; 
in the endeavor to select the alloy best, adapted xd to my specific purpose 


where ‘such an adaptation is ‘determined by p physical "qualities alone. 
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. a with difficulty from the formation of either the oxide or carbide. Could 4 
: v oo he secure immunity from the danger of combination with one or the = 
other of these elements, he would find innumerable uses for cast copper, 
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and ‘The: engineer will rarely use those lying on the tin 


gine side of the ro of alloys having 0.07 (7 per cent.) ductility, as on- 


= 1 and 12. Extraordinary care must also be taken i in making the 5 


Alloys to be hammered or rolled will be more difficult to w 


as the of tin i is and the minutert st addition of ti 
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, since a slight change of compositi where great strength 
a 3 sition by the addition of 
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3 OF TESTS BY TENSION. 


EXTEstox, 


Original 
Seetio: 


lastic| Limit,| 


12000 |... ..... 


| 11000 


31000 


— 
——. > 

4000 | ........] 0016] 08 | 
| 


BR 


RECC OF TESTS BY COMP RESSION, 


9.99795 Bacuss. 


029% Lab, No. 125 2C,. 


AND 


F 


SSES, 
Ivcu Area per Square | 
OF 


0 .0019" 

.0032 

5000 
6000 
7000 
8000 
9000: 
10000 
11000 
12000 
13000 
14000 


15000 


16000 
(17000 
8000 
19000 
20000 
21000 
22000 
25000 
24000 
25000 
26000 
27000 


6694 

-6904 
7125 


123860 | .8115_ 


| 
4 
— | 
— gs, | | | Origins 
88000 1480 


= RECORDS OF TESTS BY ‘TRANSVERSE STRESS. hp 
= Drwenstons 
252, " 
a 1.0207 97’ 


Mopv Lvs 


Derusc- 


‘TION, 


Modulus, 


Absolute. 


| 


1015 
.1102 
1192 
1277 
0.0054 

Elastic 680 | 28 875 11463 

.0276 
,2039 
.2475 
. 2832 
.3310 


71 
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Length. | Breadth 


adth. 


RooF STRESSES, B 


s 
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— 4 q a 
RDS OF TESTS BY TRANSVERSE STRESS.—Continued, 
2 Copper. ... 89.974% Gun Bronze. —_ 
— tom, | 
— REAKING Loap, | OF 

1600 |......... | 8.1108 | 
i 1640 |... 8.858 | 1640 | 56 875 827.0 
‘ag 


ALLOY oF AND , 


Tab. No. > 


Proor LoaD PER Sous ARE Loap ‘PER 
¢ 


Fractured 


Secti 


Ultimate. 
yw 
r= 
Original 
Fractured 


eee ee 
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_(a.) Micrometer slipped, further reading of no value. 


if 
— | ond 
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828 


- 
BY TRAN SV STRESS. 


PER AND ZINC. Supports. 


Proor Srresses Derr LECTION. BreakinG Loan. Moper 
) 


¢ 


Actual, 


0124 
0206 
12469814 
12530618 
11327350 
9141188 
6074807 


@ ) Bent down without breaking ; bar removed. _ S| 
_ Fracture, Surface in resembling No. 584, but le 
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RECORD O 


F Y TE 


Copper 62. sR AND ZINC. 


Lab. No, 609A. 


Stresses. | Square 
PER Square Incn. SEON. 


Section. 


er. 
ate. 


Diamet 


Fractured 


Ultim 


0007 


0087 

-0052 

| 100. : 0008 


7000— 
10000 
100 
11000 
12000 
1005 
13000_ 


2197 


16000 
24380) 48760 | 68979 | 48760 | 68979 


rowhish yellow, very compact, 


Ax 


( - = 
— 
| 
«agonal ‘surfaces sli “C” end. Fracture ; 
from the y rfaces slightly polished. 
of 1800 , and at the same instant the re 
pounds, nt the resistance dec sta dull sound was hes “4 


RECORD OF TESTS ‘TRANSVERSE 


Autor or Copper AND ZINC, between 
Lab, No, 608, 


te. | Modulus, 


| 


13881558 


“18767029 
14101299 
13960106 
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TRIPLE Aur OF Copper, To AND 


‘Copper... 58. 22% ‘Tom's Aur. 


489% Tab, No. 8568. 


LoaD PER Square 


| 


1800 


0054 
0064 


tee 


‘ 4 
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gl %. RECORD OF TESTS BY TENSI 


ALLoy or Correr, Try AND 


Le eng rth. 
Lab. No. 


Breaking Loap per Square 


20000 
22000 

23000 
24000 


88000 


88800(a) 88800 67600 93160 


ki Fr ct ll wish ay, with light kish shi Open gra lar struct 
a.) e. ure : owis! gr y, with light pinkish s ade. pen granu u 
ith ¢ a fe w very ae blow holes, several lustrous points scattered ove 


‘4 


— 
Copper... 
— |. |, 
— 
— 
No radiated lines were seen like those of the transverse fracture, 
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RIPLE ALLoy oF Copper, TIN AND Zino, 
Distance 


per .5 22% between 


Breadth. 


= 


Moputus oF 
Exasticrry. 
Absolute. 


Actual. 


11712685, 
1096587 


10846777 
10869829 


14321161 


0018 

10570984 
10550048 
10574771 

10617922 


2028 


10616562 


= im 
im 
Im 
= | q 4 
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F TESTS BY TRANSVERSE STRESS. - 


we 


Auor OF Coreen, Tus ZINO. 
Distance | 


2” | 1.010) 
Lab. No. (1.010 | .992 


Absolute. 
| 


10647661. 


10682674 


Dertection, 


the 


a “a 


esistance decreased from 1 1200 to stall ‘pounds. 


— q 
im 
— 
— 
— 

— 
— 
— 
ta 
— 
— 
q 
— 
— lll 
— 1000 -2550 
1080 Pal 

— 
After 55 minutes re = | 
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OF TESTS STRESS. —(Continued.) 
=" Corer, To, anp Zinc. 


between 
_ Supports. 


“Modulus, 


Actual, 


16856 


\ Beg 


to (g) presents slight elevation of Elastic Limit. 
(h) Resistance decreased in 3 minutes from pounds 


— 
@ 
= iz 
| 
ii 
| 
| B88 | | 
After 10 mi bigs 
— im 


Copper. 58.2295 


i 


Absolute. 


2260 (j) 8770 (k) 
2280 
2990 
2300 .8948 
2310 8967 
2320 . 8990 
2330 
2840 £9063 
2350 9165 
2342 


2350 


2360 
2370 
2580 


2390 
2400 
2410 
1.0189 


1.0333 


2470 


2510 
2530 
2540 


Resist 


Copper, Tix anv Zine. 


between 


Bread 
Supports, 


ODULUS OF 
CITY, 


— 
— 

ia (j) Resistance decreased in 66 hours 13 minutes of 8770— 
ance decreased in ten minutes from 2350 to 2342 


TRANSVERSE STRESS.- —(Continued.) 


or Coprrr, Trix AND Zinc. 


Supports, 


Den ECTION. | 


Actual, 
Pp 


2570 
2580 
2590 
2600 
2610 

4 . 3406 


113973 
«1.4178 

4447 


5057 
. 5303 
1.5603 
1.6106 
1.6395 
1.6581 
1.6899 


in the middle in putting on strain. Gave warning by a crackling sound 


_ few seconds before breaking, and broke gradually. = 
eae Fracture: Yellowish gray, with slight pinkish tinge, somewhat like brass alloy No. 612, 
but more yellow. Coarse granular structure, with radiated fibres near the edges. Slightly _ 
lustrous. Fractured section—trapesoidal. 
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ALLoy or CopPER, 
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55.00 
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Supports. 


Modulus. 


bsolute, 


Absolute, 


Ps 7 


Lain 


tinued.) 
between 


nc. Zinc. bd 


or STRESSES. | 7 


+0046 


72308 


— (a.) No. 1001 (55 Cu. 0.5 Sn, 44.52 n.) The scale beam could not be raised by applying 
_ more pressure after 2 100 pounds was reached, This was due to the rapid bending of the bar, 
i which, however, could not be broken until it was nicked with a saw on all sides. The casting 
_ was not very sound externally, and the corners were somewhat rounded, owing to the metal < Leis 
; having filled the mould completely. After 1400 lbs. was reached and applied, a test was 
‘made to determine the recovery from set with time. When balanced at 3 lbs. the micrometer 
: - read 0.3089". After 20 minutes the scale beam balanced at 5% Ibs., and after 15 hrs. 45 minutes 
at 10lbs. The reading of the micrometer was again taken, it being this time 0.3094", showing — 
_ @ difference of .0005, which may be ascribed to the gradual recovery or springing back of the 
wooden frame of the machine after it was relieved from pressure. When the pressure of 


im 
— 
— 
| — 
| a 
lbs. was taken off and the scale bes zai cod at 3 Ibs., reading o - 


OF TESTS BY 


Copper, cast very hot, Cas 
Length. Diameter 


PRo Square Breaking Loap per) Exr 


Inch AREA OF Square SION, 


Section. 


> 


Original 
tured 
Section. 


Frac 


600 
2000 


5000. 
6000 


6800 
7200 
8000. 
8400, 


14000 

14600 (a) 14600 29200 84790 29200 


o4 Fracture: fine, fibrous looking, radiated and compact. Strongest piece of copper yet tested. 
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Dnweystoys. 


Copper, cast very hot. between of 
supports, 


Mopvutus or 
Evasticrty. 


E 


10203205 


160 


. . 7 


-4 Me 


5361919 


1065786 


j 4 


(a) The supports slipped. Placed the bar on cast iron fixed supports 20 inches apart, and wr - 
(b) 1 150 lbs. gave it a further deflection of 2} inches. Moved the supports to 10 inches, and 
applied (c) 3 000 Ibs., when bar broke, the total deflection being about 8inches. 

Fracture : Ooarsely fibrous and radiate from centre of surface of fracture. Color: 
red from superficial oxidation. Fibres and over ith minute 
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